may receive encouragement from parents, coaches, and friends who also hope for long-term success for the player. Coaches in particular may encourage greater size as a means of improving the success of the team.
For many young athletes, football is seen as a path to success-whether in the form of a college scholarship or a professional career. The vast majority of high school football players will never reach these higher levels, but they will carry with them their experiences as part of their teams. Because of the sheer number of young players, identifying whether those playing certain positions are more likely to be obese can help to target obesity interventions to particularly high-risk individuals. The goal of this study is to examine the presence and distribution of obesity among high school football players, and examine variations based on positions, division in which their school football team participates, and success of the team.
Methods

Data
We obtained 2 different but similar data sets through the North Carolina High School Athletic Association (NCHSAA), each of which conferred different advantages in terms of size and included information. The first data set (MaxPreps) was obtained by NCHSAA from MaxPreps, a national company that collects data on high school sports throughout the country. For this study, we used data they collected for North Carolina athletes. To ensure confidentiality of the players, these data were provided as a completely de-identified data set, with team names removed. Although MaxPreps collects data for players across the country, we used only North Carolina data because of our access to the second data set, which included additional useful information. The second (NCHSAA) includes data collected directly by the NCHSAA, primarily for media purposes during the playoff period for football teams within the state and represents a subset of the MaxPreps data. Importantly, this data identified the school, allowing us to assign a win/loss record in order to determine team success. All results were nearly identical with the 2 data sets. Because the MaxPreps data represents a larger group, we present results using this group of data, except for analyses requiring the measurement of team success.
Measures
Coaches reported height and weight for each player. From these reports, we calculated body mass index (BMI). We classified obesity based on adult criteria using BMI: morbidly obese (>35), obese (30-35), overweight (25-30), healthy weight (18.5-25.0), and underweight (<18.5). We chose to use adult criteria because age was not available to us, only grade. Although we could estimate age from grade, we could not predict the effect of the error of this process. For this adolescent group, BMI values based on the child percentiles approach the adult values, and misclassification would result in a healthier weight using adult criteria than child criteria-a bias to the null, which is preferable to an unpredictable bias.
We anticipate the possibility of some overreporting by coaches of weight to make players appear "larger." Along the same lines, we also expected overreporting of height, so impact on the calculated BMI should be minimal. Additionally, any bias in reporting should be consistent across teams-all coaches would likely overreport height and weight. To examine this effect, we repeated all of our analyses with an assumed overreported height of 2 inches and weight of 20 pounds. Mean BMI based on actual report and this assumption of overreporting were within 1.5 points of each other for all players and by player position. Because of the modest differences, we present only data based on coach reporting.
Positions
We initially classified players into mutually exclusive positions based on the first listed position as shown in Table 1 . Players rarely play only a single position, particularly in high school football. Because we wanted mutually exclusive categories to better test for differences in weight, we also classified players into 3 broader groups: skill players, linemen, and punters/kickers ( Table 1) .
Class was based on coach-reported grade level for the traditional high school grades 9 to 12: freshmen, sophomores, juniors, and seniors. "Division" represents the state-classified division in which the team plays. Divisions are based on school size, and range from 1A (smallest) to 4A (largest). For our purposes here, we excluded the small number of teams that played in 8/9/10-man football divisions or independent school divisions. In addition to the very small number of players in these divisions, we believed they may represent a different population than traditional high school football teams.
Ranking
We developed our ranking of success based on win percentage. We used the win/loss records of all available teams in the NCHSAA data and categorized them into quartiles, representing 4 groups of "success" from worst to best.
Missing Data
Weight and height, needed to calculate BMI, were missing in 25% of the MaxPreps data. The majority of missing data occurred as part of an entire team, indicating that the coach did not report weight and height on any players. However, we examined whether there were differences in missing data based on other important variables. There were no significant differences in missing data based on the type of position played, the primary variable of interest. There were significantly more freshmen missing data on weight, compared with older students, though 70% of freshmen had complete BMI data. Because players are classified as skill players versus linemen early in their "careers" and the relatively small number of freshmen, we do not believe the increased missing data on freshmen will affect the results examining position.
Statistical Analysis
Using the MaxPreps data, we compared mean BMI across position, class, and division, using Wald tests to examine differences. We also examined obesity classification across position, using χ 2 tests to examine differences. Using the NCHSAA data, we examined the mean BMI of all players and by position based on win percentage quartile.
The study was determined by the University of North Carolina Institutional Review Board to be exempted from human subjects review.
Results
After excluding players with missing data, the NCHSAA data included 2026 players and the MaxPreps data included 6417 players. Table 2 shows the distributions for each data set, and demonstrates strong similarities between the 2. Most players (61% to 62%) were skill players, with 35% to 36% linemen and 3% punters/kickers. Most players were upperclassmen. Finally, only 43% to 44% of all players were healthy weight, with 35% overweight, 14% to 15% obese, and 7% morbidly obese. Table 3 presents mean BMI by player position, class, and division. Mean BMI for linemen was 31, whereas mean BMI for skill players was 24, and mean BMI for punters/kickers was 23. Differences by class were significant but small, with a mean BMI for freshmen of 26 and 27 for seniors. There were also statistically significant, but modest, differences by division, with 1A (smallest schools) having overall player BMI of 26, whereas 2A to 4A schools had mean player BMIs of 27. Table 4 shows the distribution of weight status by player position. Skill players and punters/kickers were overwhelmingly healthy weight or overweight. Most skill players (62%) were healthy weight, with 34% overweight, and only 4% obese or morbidly obese. An even greater proportion of punters and kickers were healthy weight (74%) with virtually all of the remaining overweight. Linemen, however, showed a much different distribution. Only 8% of linemen were healthy weight, with 37% overweight, 34% obese, and 21% morbidly obese. Table 5 shows the relationship between player size and team success, based on the win percentage. The only statistically significant difference by team success was for skill players, with larger players in the most successful teams. The difference from best to worst was less than 1 BMI point.
Discussion
Obesity is a significant problem for high school football players, but certain positions clearly attract players of greater weight. Although we are unable using these data to determine if players in these positions are attempting to gain weight, larger size is considered advantageous for these positions. Although there is little information about the dietary behaviors of high school football players, a study of college players showed significantly increased total energy, carbohydrate, and protein intakes during the playing season. 9 Importantly, we did not just identify differences based on player position; we were able to demonstrate the magnitude of obesity among high school football players. That only 8% of linemen were healthy weight, and >20% of them had a BMI greater than 35, demonstrates a significant concern about obesity in this group. These findings reflect those that have been seen in other populations, particularly college and NFL players who play a line position.
One particularly unique finding is that weight of players did not appear to have a significant impact on success of the teams. Although the differences were statistically significant, the magnitude of difference was small, with the largest players in the second-ranked group, not the first. Of course, overall team success is not the only reason for players to feel pressure to increase their size, as shown in previous research. Coaches may encourage linemen to gain weight because they think it will help their team win and also because they might believe it will help the individual have a better chance to play in college.
Although we do not know the breakdown for North Carolina athletes specifically, NCAA statistics show that only 6.4% of high school football players go on to play in college, and only 0.08% of high school football players ever make it to the professional level. 10, 11 Despite these statistics, many young athletes aspire to football as their career. However, an overwhelming majority of these high school players will never participate at a higher level. Their efforts to gain weight in adolescence may lead to the development of ongoing obesity that becomes even more severe when they no longer have the physical activity to compensate for caloric intake.
One question we are unable to answer is whether the physical activity associated with playing football provides any protection against the development of cardiometabolic risks among obese players. Previous research in collegiate and NFL athletes has shown mixed effects on cardiovascular risks, despite the regular vigorous physical activity. One study demonstrated that NFL players had similar or better values for several cardiovascular risk factors. 5 Another study of college football players showed increased in total cholesterol and lowdensity lipoprotein during the playing season. 9 This increased risk is particularly concerning for young high school athletes, who develop the dietary habits and weight they believe will improve their football skills. At the end of their high school careers, most will go on to occupations that do not provide similar levels of activity, carrying with them continued obesity into adulthood. In the context of the clinical encounter, these findings demonstrate the importance of considering not only overall activity of adolescents, but the kinds of sports and specific roles they have on any sports teams. With well more than half a million high school-aged boys playing a lineman position, virtually all of whom are overweight or obese-and 126 000 of them who are morbidly obese, based on adult standards-this a problem that will regularly be encountered by the primary care physicians caring for these boys. Although sports medicine physicians and coaches are certainly concerned about the health of their players, they may have greater focus on immediate athletic performance. Pediatricians and primary care physicians may be in a better position to focus on long-term health. When asking adolescents about their diet and activity, pediatricians should carefully consider the importance of the kind of activities or sports, and the potential influence this has on their behaviors. Future research should carefully examine differences across the country and also compare adolescents playing different sports.
One particularly important issue is how to improve obesity in this population while not reducing participation in football or other physical activities. Ensuring that football players, as well as the coaches, administrators, and parents who guide them, have access to good nutrition information is critical. For example, previous work has shown that nearly a third of high school football coaches believe protein shakes are an important part of weight gain efforts for their players. 12 Developing healthy behaviors during high school is critical to prevention of further obesity development in adulthood. Primary care physicians can ensure that football players feeling pressure to gain weight have information about healthy nutrition that focuses on building lean mass.
An important consideration for anyone assessing these young athletes is the use of BMI as an assessment tool for evaluating variation and distribution of obesity in high school football athletes. Among collegiate athletes, higher frequencies of overweight/obesity by BMI in football groups appear to be driven by elevated fatfree mass rather than percentage fat, although linemen had the highest percentage fat. 13 Other researchers have shown that age-adjusted BMI percentile rank in high school football players was not effective for determining overweight/obesity levels (based on adiposity) and lead to misclassification for weight status especially for "big" athletes. 14 However, the utility of BMI for measuring fat mass versus fat-free mass is less important from the perspective of long-term obesity risk. Even if young football players have higher BMI due to fat-free mass, this is unlikely to continue to hold true once they discontinue the sport.
Limitations
The most obvious limitation is that we were only able to examine players in a single state. A second important limitation is that we relied on self-reported heights and weights. We anticipated the possibility of some overreporting by coaches of height and weight to make players appear "larger"; however, we expect that the impact on BMI to be minimal assuming size adjustments to be roughly proportional and similarly consistent across teams.
Conclusions
A significant percentage of North Carolina high school football players are overweight or obese, particularly among linemen. Although increased size of linemen is seen as an "occupational hazard" of football, the severe obesity among linemen is cause for concern. More than one third of the 1.1 million high school players are linemen, creating a large population of players whose obesity is likely to persist into adulthood, placing them at risk for significant cardiovascular and metabolic health problems. Future research should examine whether football playing in high school actively encourages additional weight gain, and what this means for the long-term health of these young men.
